Nobody said it would be easy. The field of molecular genetics promised that molecular understanding of human disease would lead to better prediction, prevention, and treatment. Although I am confident this promise will be realized, during certain stages of every great journey the goal may appear more elusive than it did at the start. This is the case with the molecular genetics of familial hypertrophic cardiomyopathy, a journey that began more than 5 years ago.
The field got off to a rapid start in 1989 when Jarcho et al.
(1 ) used the technique of genetic linkage analysis to identify the chromosomal location (chromosome 14) of a gene causing familial hypertrophic cardiomyopathy. A candidate gene, the : cardiac myosin heavy chain gene, was located nearby, and when disease-associated mutations were identified (2), hope that hypertrophic cardiomyopathy would relinquish many of its secrets in one burst of enlightenment seemed promising. Now, however, the journey has taken a challenging turn. Over the past few years it has become clear that not all cases of familial hypertrophic cardiomyopathy are caused by mutations in the A cardiac myosin heavy chain gene; about 40% of cases appear to be linked to chromosome 14. Genetic linkage analysis has been used to identify three additional hypertrophic cardiomyopathy loci (chromosomes 1, 11, and 15), and at least one (and possibly several) additional loci must exist since many families still remain unlinked (3) (4) (5) . From a clinical perspective, this degree of locus heterogeneity is a significant problem, making genetic testing for this disorder currently impractical in many cases.
Investigators have also identified allelic heterogeneity among affected individuals with : cardiac myosin missense mutations. At least 15 different point mutations in the myosin heavy chain gene have now been associated with hypertrophic cardiomyopathy, and the list continues to grow (for a list and brief review, see reference 6). In this issue of The Journal, for example, Anan et al. (7) identify three new A cardiac myosin missense mutations in DNA from hypertrophic cardiomyopathy patients (7) . One of these mutations is nonconservative (Arg 719 Trp) and is associated with significant morbidity and mortality, while a second, more conservative mutation (Phe 513 Cys) appears to be relatively benign with no significant effect on life expectancy.
Although genetic heterogeneity for hypertrophic cardiomyopathy complicates genetic testing and risk stratification, each mutation sheds new light on the molecular mechanisms underlying this disorder and a genotype/phenotype catalogue has begun to emerge. Most myosin mutations are located in the portion of the gene encoding the head or head-rod junction; mutations involving the rod are infrequent and seem to cause mild disease. Although some mutations associated with more severe disease are known to affect actin binding domains, the effect of most mutations is still hidden in the structure of the myosin protein, a structure that is just now being examined. One hopeful finding in Anan's study is that mutations leading to a change in charge seem to have a more malignant effect than conservative amino acid substitutions. Charge, however, is not the whole answer; Anan's study (7) demonstrates that some charge-altering mutations lead to a low risk phenotype, while a recent study by Fananapazir and Epstein (8) shows that a conservative substitution that is benign in some families can be malignant in others (8) .
Should we be discouraged by the complexity of hypertrophic cardiomyopathy? I (Table I ). The dramatic discoveries that occurred in the 80s have led to a series of steady discoveries in the 90s. With time we will uncover all of the genes that cause hypertrophic cardiomyopathy and amass a body of information that correlates mutation with risk. New, more efficient methods for identifying genotypes will be developed, helping to make disease prediction for complex disorders feasible. Eventually, we hope to discover new ways for preventing and treating deadly cardiovascular disorders such as hypertrophic cardiomyopathy.
The mutational events that led to the introduction of hypertrophic cardiomyopathy into the human phenotype evolved over many, many years. If a molecular understanding of hypertrophic cardiomyopathy and the ability to predict its occurrence are accomplished within a decade of the first linkage finding, the journey will have been quite rapid. The scientific community can then focus on the most exciting promises of molecular genetics: prevention and treatment of disease. Mark Keating Department of Medicine and Human Genetics University of Utah 
